Merkel cell carcinoma (MCC) is an aggressive neuroendocrine carcinoma that only rarely regresses spontaneously. Since little is known about the immunological mechanisms involved in the spontaneous regression of MCC, we describe a case of MCC with spontaneous regression and employed immunohistochemical staining for cytotoxic and immunosuppressive molecules to investigate possible mechanisms involved in the spontaneous regression of MCC. Interestingly, compared to conventional MCC, tumor-infiltrating lymphocytes in MCC with spontaneous regression contained higher numbers of CD8 + cells and granulysin-bearing cells and lower numbers of CD206 + cells. Our present study suggests one of the possible reasons for the spontaneous regression of MCC.
Introduction
Merkel cell carcinoma (MCC) is an aggressive, cutaneous, neuroendocrine carcinoma that originates from either Merkel cells or from pluripotent stem cells in the basal layer of the epidermis [1, 2] . MCC can spontaneously regress [3] [4] [5] , although such cases are extremely rare. Recent reports suggested that the type of tumor-infiltrating leukocytes (TILs) could determine the prognosis and tumor-specific survival of MCC [6] [7] [8] . Therefore, in this report, we employed immunohistochemical staining for cytotoxic and immunosuppressive molecules to investigate the possible mechanisms involved in the spontaneous regression of MCC.
Case Presentation
A 94-year-old Japanese woman visited our outpatient clinic with a 2-month history of a tumor on her left cheek. On her initial visit, physical examination revealed a red-colored, elastic, soft, well-demarcated nodule on her left cheek ( fig. 1a ). The size of the tumor was of approximately 22 × 20 mm in diameter. A biopsy specimen from her cheek revealed sheets of small cells with hyperchromatic nuclei extending throughout the dermis with prominent leukocytes ( fig. 2a ). Immunohistochemical staining revealed that these atypical cells were positive for CK20, synaptophysin ( fig. 2b ) and neuron-specific enolase, and negative for chromogranin A, thyroid transcription factor 1, S-100, Melan-A and HMB-45. From the above findings, we diagnosed this case as MCC. Surprisingly, the tumor spontaneously regressed 20 days after the biopsy ( fig. 1b ).
To further investigate the possible mechanisms in the spontaneous regression, we employed immunohistochemical staining of CD8 ( fig. 3a ), CD163, CD206, Foxp3, granulysin (fig. 3b) and caspase 3 ( fig. 3c ) for the present case and 5 cases of conventional MCC. We counted the number of immunoreactive cells, using an ocular grid of 1 cm 2 at a magnification of ×400. In the present case, the number of CD8 + cells, granulysin-bearing cells and caspase 3 + cells tended to be higher than in conventional MCC cases ( fig. 4 ). In contrast, the number of CD206 + cells tended to be lower than in conventional MCC cases. There was no difference in the number of CD163 + and Foxp3 + cells between these groups.
Discussion
Previous reports suggested the importance of evaluating the tumor microenvironment in the lesional skin of MCC. Indeed, Paulson et al. [6] reported an association between the infiltration of intratumoral CD8 + lymphocytes and improved MCC-specific survival. Notably, CD8 + cells contain various subpopulations of cytotoxic T cells, including granulysin-bearing cells. Granulysin has homology to other cytotoxic molecules of the saponin-like protein family [9] and lyses various tumors, which might be related to the prognosis of cancer patients and the self-regression of tumors [10] [11] [12] [13] .
In the present case, compared to the 5 cases of conventional MCC, the numbers of CD8 + cells, granulysin-bearing cells and caspase 3 + cells were higher. In addition, a recent report also suggested the significance of the expression of PD-1 on TILs [3] . These observations suggested that the anti-tumor immune reaction in MCC might mainly correlate with cytotoxic T cells.
Concerning tumor-associated macrophages (TAMs), in contrast to cytotoxic T cells, there was no difference in the numbers of immunosuppressive cells (CD163 + TAMs and Foxp3 + regulatory T cells) between MCC with or without spontaneous regression. Since there was no difference of the numbers of CD163 + cells in each group, to assess the expression of M2 markers, such as CD206, on TAMs is important [14, 15] . Indeed, the number of CD206 + cells, which could be one of the markers for M2 macrophages, was lower in MCC with spontaneous regression. Notably, M2-polarized TAMs produce various chemokines that recruit TILs to maintain the immunosuppressive tumor microenvironment [16, 17] . In ag- In this report, we described a case of MCC with spontaneous regression and employed immunohistochemical staining for cytotoxic and immunosuppressive molecules to investigate the possible mechanisms in the spontaneous regression of MCC. Since this report presents a single case of MCC with spontaneous regression, further analysis of the mechanisms underlying this phenomenon may provide fundamental insights into the mechanisms of cytotoxic T cells and TAMs in the spontaneous regression of MCC. Such issues will need to be clarified in future investigations.
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The authors declare no conflicts of interest. Fig. 4 . Summary of the average number of immunoreactive cells in the 5 conventional MCC cases and the present case. Three representative fields of each section were selected from tumor areas with dense dermal lymphoid infiltrates. The number of immunoreactive cells was counted using an ocular grid of 1 cm 2 at a magnification of ×400. The data are expressed as the means ± SD of the numbers in each area. White bars: conventional MCC; black bars: present case.
